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INTRODUCTION 

Tlie keys to the parasites of the hessian fly {Phytophaga destructor 
(Say)) herein presented have been nsed extensively by the writers 
for a number of years and have proved an iiwahiable aid in gaging 
the extent of parasitization by tlie different species, their relative 
importance in biological control, and their geographical distribution. 
They have also served as a means of rapid determination w'here dis- 
tinguishing characteristics of the adult were not readily discernible. 
It is hoped that they may prove of value to other workers in this 
field of investigation. 

Knowledge of the habits of these parasites and of the number of 
species Avhich attack the hessian fly in different parts of the United 
States is based on extensive systematic rearing of hessian fly mate- 
rial for more than 20 years by the writers and other entomologists in 
various parts of the country. 

1 Submitted for publication June 8. 10.SÍ). , ,, . 
2 The photomicrographic plates included in this bulletin were prepared by E. J. Udine of 

this Bureau. 
UiO.59.5~40 
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Twenty species of parasites found in the United States east of the 
Rocky Mountains liave been inchided, among which are certain ones, 
such as the Euiopeiui species Plafyç/dxter pleuroi} Walker antl 
Triehacis reiiiiiiiix (AValker) ¡md the California i)arasite I'seudeii- 
menoi mayetiolae Galian, that have been recently liberated iu eastern 
localities. FlatygaMer error Fitch, Decatoma ainsterdamensiis 
Girault, Horisntenwi teœanti.x (Girault), aiid Pleurotropix benéfica 
Gabán, all priuiary parasites of other liosts, have been reared from 
the hessian fly in oidy single instances and have been omitted because 
of their negligible significance. 

In using the keys it is reconunended that all the contents of the 
hessian fly pupariuni fi'oni which the parasite has emerged be care- 
fully removed onto a microscope slide in some medium such as cedar 
oil or alcohol, and covered with a glass cover slij). They can then 
be examined under any magnification that may be necessary. 

After familiarity with ihe ditFerent forms has been attained it 
will be found that many of the s|)ecies can be determined (piickly 
and accurately without going entirely through the keys. For in- 
stance, among the larval exuvia. that of Pxciideriincrus iDa-yctiohic 
is the only one that has cons])icuous setae and at the same tinu' 
straight mandibles, and the genus Etinjtoma includes the only para- 
sites in the series that have bidentate mandibles. Moreover, the 
structure of the frontoantennals and other jnipal sclerites at once dis- 
tinguishes many of the species without further e.xamination. 

The descriptions of larval exuvia refer only to the last larval 
instar. 

It will be observed that the general key falls into two distinct 
sections, one of which involves the Ser|)hoidea and the other the 
Chalcidoidea. Among the Serphoidea the larval exuvia and ])U]>al 
sclerites are exceedingly difficult to se])arate from the meconia, and if 
found would be too nnitilated to be of nuich use. In this section, 
therefore, the writers have felt justified in resorting to such means 
of identification as the size and mnnber of the cocoons and the size 
of the emergence holes, as well as both adult and larval character- 
istics. It might be explained that all these Serphoidea have but one 
generation a year and stay within the host dui-ing most of the year, 
and that consequently either living or dead forms, especially of the 
adult stage, are frequently found inside the host jjuparium upon 
dissection. In the chalcidoid section it was not found necessary to 
use other characteristics than those furnished by the pu])al sclerites 
and meconia. 

Only the Chalcidoidea liave been dealt with in the suj^jilenientarv 
key because it was found impracticable to include larval exuvia of 
the Serphoidea. 

EXPLANATION OF TERMS 

The terms used to designate the pupal sclerites have been adopted 
as far as possible from those of corresponding sclerites or structures 
of the adult. In those instances where much disparity exists between 
corresponding sclerites of pupa and adidt it was found expedient to 
apply a composite descriptive term. Figure 1. showing aspects of 
the pupal stage of the chalcidoid Eupehnns allynii, illustrates the 
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terms used and shows the normal position of the sclerites of a typical 
chalcidoid pupa before the act of eclosión scatters tliem. It will be 
observed that the term "oculoparietal" has been applied to the 
sclerite which corresponds to the parietal of the adult when united 
to the plate which covei's the compound eye. Where these sclerites 
are completely separated from each other, as in the case of Merinus 
dentructor (pi. 2, E, F), they have been referred to under the respec- 
tive terms, parietal and ocular. The term "frontoantennal" has been 
used as a blanket term to embrace the part of the face which would 
coi-respotul to the frons of tlie adult plus those sclerites that cover 
the proximal portions of the antennae but fused with them in one 
piece. It will be observed in figure 1, B and C. that the area of the 
dorsum which includes the pronotum and mesoscutum is divided 
bilaterally and the two sclerites are referred to as the schizonotal 
plates. Other descriptive terms used are self-evident, such as 
scutelluni, abdomen, or proximal or distal jjortions of the legs. 

>- frontoantennalplate—' 

 clypeus  
proximal portion of front leg- 

 distal portion of front leg- 
proximal portion of middleleg 

-sternum 

'   distal portion of middleleg 

 wing pad  

distal portion of hind leg- 

 abdomen  

^—oculoparietal plate 

i, schizonotal ^ 
msct '       plate 

pro 

[_ msct - 

 sc'jtellum  
wing pod  

proximal end of hind leg- - 

 abdomen - 

FKa;i!E 1.—Pup.a of Enpclmus allynii showing position of sclerites : A, ventral 
aspect; B, lateral aspect; C, dorsal aspect; msct, mesoscutum; pro, 
I)ronotum. 

DESCRIPTIONS OF THE REMAINS 

SUPERFAMILY SERPHOIDEA 

I'LATYOASTEi! zosiN'E Walker and P. HIESIALIS Forbes 
Both Plutygaster sosine and P. hiemalk make characteristic 

cocoons of tough, flexible material about l.h mm. long, broadly 
ellipsoidal, and pale yellowish brown. From 1 to 23 cocoons (fig. 2) 
nniy be found in the" host puparium, although less then 3 is a rare 
occurrence. Sclerites of the pupal exuviuni are not found loose in 
the cocoon. Tliere may be one or several emergence holes through 
the ])uparium of the host (fig. 3), and their diameter seldom exceeds 
O.G mm. and averages slightly less than 0.4 mm. Separation of the 
two species can best be made from the adult stage, which is frequently 
found in 1 or more of the cocoons. In the adult of P. sosine the 
vertex and face are distinctly transversely rugulose, whereas in P. 
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hiemaUs these areas are smooth and shining with faint acicuhitions 
running obliquely away from an indistinct median carina. Also, in 
soslne the ovipositor is approximately straight and slightly enlarged 
and blunt at the apex, whereas in hiemalis it is distinctly curved and 
attenuated. 

FIGURE  2.—Cocoons  of  Platyyastrr   hiemaUs  as  tliey  appear   when  removed 
from the puparium of the hessian fly.    Xl9% 

FIGURE    3.—Hessian    fly    puparium    showing    emergences    holes    made    by 
Platyffastcr hiemalis.    Xl4. 

PLATYGASTEU HEKRICKII Packard, P.  PLEUBON Walker, 
(Walker) 

and TmcHASis KEMUI.US 

FiGUKB 4.—Hessian fly pupai'iuni 
showing emergence hole made by 
I'httygaster hcrrichii.     X22. 

Platygaster hernckii, P. pleiiron, 
and Trichacis remulux also form 
straw-colored, ovoid cocoons of 
thin, shiny, tough, elastic material 
similar to the cocoons of the other 
serplioids, but always over 2 mm. 
long. As they are monembryonic 
and solitary in habit, more than 

one are rarely found in a host puparium. As witli the other 
serplioids, loose pupal sclerites are not left behind. Emergence holes 

of P. hen^ickii (fig. 4) average 

about 0.7 mm. in diameter. These 

species may best be distinguished 

from one another in the adult stage, 

which remains in the cocoon dur- 

ing the larger part of the year. 

T. remulus is characterized by the 

presence of a  distinct  tuft of short 

gray   hairs   near   the   apex   of   the      ^   T,I^- ^ 

scutellum.     P.   fleuron   superficially   ^^^^^ .i-Dorsal surface of abdo- 
resembles   P.   herrickii but  may  be     men ot (A) Piatygastcr herricidi 
readily distinguished from the latter      "'"^ <''* P.pieuron.     x 37. 

by the many deep striations on the proximal half of the abdomen on 
both dorsal and ventral sides (fig. 5). 
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SUPERFAMILY CHALCIDOIDEA 

CALLITULA BICOLOR Spiuola 

The pupal exuvium of Callitula bicolor is transparent straw color ; 
the frontoantennal plate (pi. I, A) is triangular in outline, and the 
anterior corners are extended by basal portions of the antennae. The 
lateral edo;os are somewhat concave near the apex and the surface is 
coarsely papillose midway between the anterior corners and over most 
of the posterior half, with a distinct longitudinal suture running from 
the center almost to the apex, at which point it divides to form a V. 
The abdomen, sternum, and various other pupal sclerites are usually 
found in a conglomerate mass, witli the abdomen collapsed into a 
semicircular sha[)e (pi. 3, T). 

The larval exuvium is elongate, with the setae minute, and the 
mandibles simple, approximately straight and 0.03 mm. long from 
apex to condyle. The spiracles are cone-shaped, with from four to 
seven taendia in the specimens examined. 

The meconium ranges in shape and color from a black, amorphous 
mass with light-brown y)ellets attached to a dark-brown mass. 

CENTRODOKA SPECIOSISSIMA (Girault) 

The pupal exuvium of Centrodoi-a speciosissima is pale, trans- 
parent, yellowish brown. The abdomen (pi. 3. V) is usually collapsed 
mto a cone-shaped mass which seldom exceeds a length of 0.65 mm. 
Pieces of antennae (pi. 1, M) are usually found detached. 

The larval exuvium (pi. 4, //) is flattened rather than filiform, and 
the setae are not in evidence. The mandibles have a heavily sclero- 
tized portion 0.03 mm. long, with both outer and inner edges de- 
cidedlv curved. 

The meconia (pi. 5, S) are found scattered about within the host 
epidermis, and consist of separated subspherical, sometimes flattened 
pellets with diameters ranging from approximately 0.08 to 0.22 mm. 
They are pale vellowish brown. 

As this species is nuütiple in habit, it is usual to find many mecoma 
and pupal casts. As many as 19 casts have been found in a single 
host. 

The epidermis of the liost larva is left intact except where exit 
holes are eaten, and appears translucent silvery gray. The exit 
holes are round, with roughly gnawed edges, and range from 0.1 
to 0.45 mm. in diameter. There is usually one exit hole, although 
occasionally more may be found. 

CHEILONEURUS ELBOANS   (Dalman) 

The pupal exuvium of Cheiloneurus elegans is transparent straw 
color. The frontoantennal plate (pi. 1, B) is reduced mostly to the 
antennal bases, Avhich are sharply bent at the extremities with pro- 
nounced emarginations at the middle on both anterior and postenor 
margins, with the surface of most of  the central  area distinctly 



6       TECiixicAL I;ILI.î:ïIX TíO, U. S. DEPT. OF AGRICULTURE 

papillose. ïlie clvpeus and mouth parts are often loosely attached 
to the frontoantennal plate. The abdominal and thoracic sclerites 
(pi. 3, V) are found in a conglomerate mass with one or two leg 
sclerites usually projecting like empty sleeves. The sutures between 
the segments of the abdomen are, for the most part, clearly defined. 

The larval exuvium is narrow and elongate, with setae minute and 
mandibles (pi. 4. /) curved. The latter are about 0.026 mm. long. The 
spiracles are cone-shaped with a variable number of taenidia not 
usually exceeding seven. 

Typical meconia consist of a number of pale-brown, subspherical 
pellets. 

DiiROPi>OTUS AUREOViRiDis  (Crawford) 

The pupal exuvimn of Ditrop'moh(,s aureovbidis is transparent 
straw color. The frontoantennal plate (pi. 1, C) is triangular in 
general outline, with tlie anterior corners extended by curved bases 
of the antennae, the lateral edges somewhat concave near the apex, 
and part of the surface from the lateral margins toward the center 
finely papillose. There is no longitudinal suture or apical V in evi- 
dence, and the clyjjeus and mouth parts are often attached to the 
anterior margin. The oculoparietal plate (pi. 2, A) has the parietal 
area finely pajjillose and sparsely covered with conspicuous setae. 
The middle leg (pi. 3, J) is usually detached but is delicate and 
transparent, Avith a tibial spur well defined. The abdominal sclerites 
(pi. 4, A) collapse after eclosión in a manner to form a semicircle 
of folds. 

The larval exuvium (pi. 5, ^4) is elongate, with numerous and long 
setae, many of them over 0.02 mm. in length. The head has two 
nodular antennae 0.013 mm. long and the mandibles are very slightly 
curved, measuring 0.06 mm. from apex to condyle. The spiracles are 
cone-shaped with from 11 to 16 taenidia. 

A typical meconium consists of numerous dark-brown, irregular- 
shaped pellets, many of which are more or less fused. 

EUPEI.MELI,A   VESKULARIS   (RetzlviS) 

In the reniiiins oí Ku pel mella veniciilarÍK the pupal exuvium is 
ti'ansparnt straw color, with the surface finely ])apillose. The 
frontoantennal plate (pi. 1, D) is triangular in genei'al outline, the 
anterior corners extended by the bases of the anteanae, each of which 
has a sharp elbow bend, and the lateral edges conspicuously concave 
near apex. The anterior margin between the antennal bases is nearly 
straight and the clypeus and mouth parts are often attached. The 
ocidoparietal plate (pi. 2. B) is glabrous. The sternum (pi. 2, L) is 
roughly oblong, with a narrow piece projecting cephalad from each 
corner at the ¡josterior end. The rugulose wing pad (pi. 2, P) is 
usually intact and attached to the schizonotal plate. The scutellum 
(pi. 3,4) has the anterior margin curved and the sides concave, 
forming an acute angle at the posterior apex. The front leg 
(pi. 3, E) has the proximal area attached like a hook, the middle leg 
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(pi. 3. K) lias the ])i'()xiiiiiil end pestle-sliaped and tlie tibial spur 
prominent, whereas the hind lep; has the proximal portion (pi. 3, (9) 
detached and the distal poi'tion (pi. 3,P) weakly spurred. The 
abdominal sclerites (pi. 4, Ä) collapse after eclosión in a manner to 
form a semicircle of folds. 

The larval exuvium {\A. i),B) is elon<>ate and sparsely covered by 
lon<ï setae. The mandibles (pi. 5, C) are curved and 0.063 mm. long 
from apex to condyle. The labrum (pi. îi.O) has a row of denticles 
widely and often irrefiulai-ly spaced. The spiracles (pi. 5. 0) are 
cone-shaped, with numerous taenidia. 

The meconium usually consists of hard, brown pellets more or less 
coalesced. 

EuPBXMüs ALi.vNir  (Frcnoli) 

The pupal exuvium of FupehuiiK allyiiri is dark brown, with the 
surface densely punctate. The frontoantennal plate (pi. 1,E) is tri- 
anjrular in «reneral outline, with the anterior corners extended by the 
bases of the antennae, each of which bends in a sharp elbow. The 
lateral ed<res are concave, and the surface is finely pmictate except 
over the central area, which is coarsely i)unctate. and the niidanterior 
and luidposterior areas, which are sparsely setose. The oculoparietal 
(pi. 2.C) has the parietal portion setose. The sternum (pi. 2,ü/) is 
oblon<>', with the corners sharp and nearly ri<ilit-anirular at the ante- 
rior end, a short filamentous piece beinji attaclied to each corner at 
the posterioi' end. The rufrulose winji pad (pi. 2, Q) is usually intact 
and is sonu^times loosely attached to the schizoiiotal i)late. The 
scutelluni (])1. ?>.B) is somewhat wider than lonp;, with the anterior 
maroin cui'ved. The distal poi-tion of the frcmt leji (pi. 3. F) is 
slii>htly c]ub-sha])ed and bluntly rounded. The middle le": (pi. 3, Z) 
has the proximal ])ortion pestle-shaped and usually detached, and 
the distal portion is characterized by a ]U'ominent tibial spur. The 
hind le<r has the proximal portion (pi. 3,^) small, und this is usually 
detached from the rest of the le<>'. The distal portion (pi. 3. R) is 
very weakly spurred. The abdominal sclei'ites (i)l. 4. (') co]la])se 
after eclosión into a semicircle of folds and an<iles. 

The larval exuvium is elonpiated. with sparse and lono- setae. The 
mandibles (pi. 5. Z>) are distinctly curved and meastu'O about 0.07 
mm. fi-oni ajiex to condyle. The labrum (])1. î\ E) has a row of 
sharp, closely and evenly i)l¡u-ed denticles, usually six in munber, and 
the spii'acles (pi. 5,/") are cone-shai)e(l and have numerous taenidia. 

The meconium usually contains a nunibei' of irrofrnlar. lii>-ht-brown 
jxdlets. althoufïh both color and shape vary with individuals. 

EUI'TIROJIALT'S FTTLVIPES   (F()rl)('S) 

The pupal cast of Eupfcroinalm fulvipex is ti'anshicent straw color. 
The frontoantemial plate (pi. 1, F) is trian<;ular in jreneral outline, 
with the anterior corners extended by the bases of the antennae and 
curved slightly inward. A deeply etched median longitudinal suture 
runs from the center to the posterior apex of this plate, where it 
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divides to form a V. The surface over most of the apical half is 
coarsely papillose and somewhat rugulose, with two converging 
diagonal sutures near the anterior edge and the area between them 
more or less rugulose. The oculoparietal plate (pi. 2, D) is glabrous. 
The abdominal sclerites (i)l. 4, D) collapse after eclosión into a semi- 
circle of folds and angles. 

The larval cast is elongate, the setae are small and inconspicuous, 
and the mandibles are appro.ximately straight and about 0.04 mm. 
long. The spiracles are cone-shaped and have from five to nine 
taenidia. 

The meconium usually consists of a mass of hard, brownish, tightly 
coalesced pellets. 

EURYTOMA ATKIPES   (GahiUl)   AND IÍ. PIKIEBI'S   (GiriUllt) 

The pupal exuvia in Eurytoma are translucent straw color, and the 
sternal sclerites and usually the wing pads and legs unite in a con- 
glomorated mass with the abdominal sclerites (pi. 4, E). 

The larval exuvia (pi. 5, F) are elongate, with long, sparsely dis- 
tributed setae. The mandibles have a cons)>icuous extra denticle on 
the inner margin.    The spiracles are cone-shai)ed. 

ilKEISrS   DKSTIU'CTOR   (Sll.v) 

The pupal exuvium of Meri»us destructor is pale straw color. The 
frontoantennal plate (pi. 1, G) is triangular in general outline, with 
the anterior corners extended by the bases of the antennae; a distinct, 
coarsely rugulose longitudinal suture runs from the center almost to 
the apex, at which ])oint it divides to form a V. The ocular plate 
(pi. 2. E) is oval and is separated from the parietal (pi. 2, F), which 
is roughly quadrilateral. Both sclerites are glabrous. The abdom- 
inal segments (pi. 4, F) are indistinguishably crumpled up with the 
wing, leg. and other sclerites. 

The larval exuvium (pi. 5, G) is elongate, the setae are minute and 
inconspicuous, and the mandibles nearly straight and about 0.05 mm. 
long from apex to condyle. Tlie spiracles are cone-shaped and have 
about 9 to 14 taenidia. 

The meconium is usually a hard, am()ri)hous, speckled, brownish 
mass. 

MEJUSUS FEBIilCULOSU.S   (GiriUlU) 

The pupal exuvium of Merisus febriculosiis is pale translucent 
straw color. The frontoantennal plate (pi. 1. H) is roughly tri- 
angular, with the anterior corners extended by the bases of the 
antennae, similar in shape to those found in M. destructor but slightly 
longer, and there are a pronounced rugulose area near the center and 
two short parallel sutures on each side of the median line near the 
posterior apex instead of the apical V pattern found in M. destnictor 
and some of the other parasites. The ocular (pi. 2, G) is oval and 
separated from the parietal (pi. 2, //), which is roughly quadri- 
lateral : both sclerites are glabrous. 

The larval exuvium (pi. 5, H) is elongate, with minute and incon- 
spicuous setae.    The mandibles are nearly straight and about 0.04 
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inm. from apex to condyle.    The spiracles are cone-shaped and have 
about 10 to 15 taenidia. 

The meconium is a hard, dark, amorphous mass cliaracterized by 
the presence of large, conspicuous, cream-colored or white patclies. 

MEHISUS MOKDELLISTENAB Crawfortl 

The pupal exuvium of Merhixis mwdeUistenae is pale translucent 
fctravv color. The frontoantennal plate (pi. 1, /) is triangular in 
general outline and similar to that of M. destructor, with a longitudi- 
nal suture from the center almost to the apex, where it divides to form 
a V.    Parallel sutures like those found in M. febriculosus are absent. 

The larval exuvium (pi. 5, /) is elongate, with minute and incon- 
spicuous setae. The mandibles are nearly sti'aiglit and about 0.04 
mm. from apex to condyle. The spiracles are cone-shaped, with from 
five to seven taenidia in the specimens examined. 

The meconium is a hard, dark, amorphous mass characterized by 
large, conspicuous, cream-colored, or white patches as in the case of 
Merifius febriculosus. 

PLEUROTROPIS METAIXICUS  (Nees) 

The pupal exuvium of Pleurotropis metallicus is dark brown to 
black. The frontoantennal plate (pi. 1, J) is subcircular, with the 
bases of the antennae attached as a short truncated projection on 
each side of the anterior edge. The surface is finely punctate, with 
a dark pit on each side of the median line near the anterior edge. 
TJie oculoparietal plate (pi. 2, /) is glabrous. The sternum (pi. 2, N) 
in two loosely joined pieces forms a crude quadrangle with projecting 
lobes at the anterior corners. The wing pad (pi. 2, R) is closely 
fused with the schizonotal plate. The scutellum (pi. 3, C) has its 
posterior margin angulated. The distal portion of the front leg (pi. 
3, G) is club-shaped, with the club end sharply attenuated, and the 
middle leg (pi. 3. M) has a poorly defined tibial spur. 

The larval exuvium (pi. 5, J) is elongate, with minute and incon- 
spicuous setae. The mandibles are distinctly curved and without a 
surrounding band of tissue and are about 0.05 mm. long. The 
spiracles are not cone-shaped. 

The meconium is a dark, brownish mass of large pellets more or less 
fused. 

I'oi.Y.scEi.is iiODESTUs Gahan 

The pupal exuvium of Polyscelis modeMii-s is transparent straw 
color. Most of the body sclerites (pi. 4, G) are left massed together 
after eclosión, with the abdominal segments, wing pads, and parts of 
the leg sclerites usually clearly discernible. The leg sclerites do not 
have the open sleevelike appearance characteristic of some of the 
chalcidoids. 

The larval exuvium is elongate, with minute setae. The mandibles 
(pi. 5, K) are nearly straight and about 0.04 mm. long. The spiracles 
are cone-shaped, with not more than six taenidia in the specimens 
examined. 

16R59Ü—40 2 
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The meconium is hard and dark, sometimes made up of pellets more 
or less fused. 

PSEUDERIMEKUS    MAYETIOLAE    (Galiail) 

The pupal exuvium of Pseudemnerus viayetiolae is pale yellowish, 
transulucent, and with most of the surface finely papillose. The 
frontoantennal plate (pi. 1, K) is triangular in general outhne, with 
the anterior corners greatly extended by the bases of the antennae, 
each of which bends as an elbow. The point of juncture of each an- 
tennal prolongation and the frontal portion of the sclerite is charac- 
terized by a distinct notch, the lateral edges of the frontal portion are 
slightly concave, and the surface is glabrous and finely but uniformly 
papillose over most of the area. No median suture is present, but 
there are characteristic rugulations near the posterior apex. The (ic- 
uloparietal plate (pi. 2, /) has the parietal portion sparsely covered 
with long setae. The anterior edge of the sternum (pi. 2, 0) forms 
a gablelike angle on the median line with the posterior corners each 
extended by a long filamentlike process. The wing pad (pi. 2, S) is 
usually intact and attached to the schizonotal plate, its surface being 
finely papillose and slightly rugulose near the base. The scutelluiu 
(pi. 3, D) is longer than wide, with its posterior margin curved. The 
front leg (pi. 3, H) has its proximal portion attached like a broad 
hook. The middle leg (pi. 3, N) is united into one piece, with the 
tibial spur well defined; but the hind leg (pi. 3, S) has its tibial si)ur 
poorly defined. 

The larval exuvium is elongate and covered by long, conspicuous 
setae. The mandibles (pi. 5. /.') are straight and about 0.04(1 mm. long 
from apex to condyle. The si)iracles (pi. 5, Ç) are cone-sha]ied and 
characterized by the distal segment being conspicuously larger than 
the other segments of the spiracle.    There are from 10 to 18 taenidia. 

TETHASTICHTJS CARIN.VTX'S Forbes 

In Tetraatichu« carinatii.s the pupal exuvium is pale translucent 
straw color. The frontoantennal plate (pi. 1, ¿) is triangular aiul 
characterized by a distinct cleft on the middle of the anterior margin. 
Its surface is papillose near the sides, center, and around the cleft. 
The mouth parts (pi. 1, N) are sometimes attached to the anterior 
margin of the frontoantennal ])late and characterized by two elongate 
lobes joined near their bases. The oculoparietal plate (pi. 2, K) is 
glabrous but distinctly papillose. The front legs (pi. 3, /) are usually 
separated from the rest of the sclerites after eclosión and are charac- 
terized by a small, closely attached segment at the i)roximal end. The 
wing pad (pi. 2, T) is delicate and is usually attached to a fragment 
of uie schizonotal plate. The abdomen has some of the dorsal 
sclerites intact and they are not usually collapsed in the form of a 
semicircle. 

The larval exuvium (pi. 5, M) is elongate, and has minute and in- 
conspicuous setae.    The mandibles (pi. 5, N) are distinctly curved and 
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tittached within a surrounding band of tissue, and are from 0.05 to 
0.(16 nun. long.   The spiracles (pi. 5.R) are not cone-shaped. 

The meconium is predominantly black, and is usually without loose 
ts. 

GENERAL KEY TO PARASITE FORMS 

1. One or  more stiaw-tolored  cocoons witliin  the pupariiini; no  loose 
pupal exuvia except in cases of hyperparasitization  2 

No cocoons; loose pupal casts present  " 
2. Cocoons (flg. 2) less than 2 mm. long; usuall.v more than two cocoons 

present; emergence hole (flg. 3) less (han 0.49 mm. in diameter— 3 
Cocoon more than 2 mm. long; usually one cocoon and never more 

than two cocoons present; emergence hole (flg. 4) rarely less 
than 0.5 mm. in diameter; larval mandibles curved  4 

3. Mandibles of larva distinctly curved ; adult with vertex and face dis- 
tinctly transversely rugulose ; ovipositor essentially straight ; 
slightly enlarged and blunt at apex_- Platygaster zoshie Walker. 

Mandibles of larva approximately straight; adult with vertex and 
face smooth and shining except for some faint aciculatioiis ; ovi- 
positor curved and attenuated Pliitygasicr hiemalis Forbes. 

4. Adult with distinct tuft of short gray hairs near apex of scutellum. 
Trichacls remulus (Walker). 

-Vdult without tuft of short gray hairs on scutellum  5 
5. Many conspicuous longitudinal striations (flg. 5, B)  along basal half 

of dorsal and ventral surfaces of abdomen ; each ovipositor 
sheath valve bearing five or six hyaline tubercles. 

Platygaster pleuron Walker. 
Striations not present along basal half of abdomen  (fig. 5, A) ;  ovi- 

positor sheath valves with not more than three hyaline tubercles. 
Platygaster herrickii Packard. 

6. Meconium and exuvium contained within host skin,  which remains 
nearly  intact within  host puparium  except when  destroyed  by 
miusual circumstances  7 

Mec(miuni and exuvium not contained within host skin except in 
cases of hyperparasitization; host remains, if present, pushed 
to one side        10 

7. Pellets of meconium (pi. 5, &') separated and distributed in different 
parts of the host ; exuvia from more than one individual ; sclerites 
pale, transparent yellowish brown ; abdomen (pi. 3, U) usually 
collapsed  into  a  cone-shaped  mass;  antennal casts   (pi.  1,   M) 
sometimes found detiiched Centrodora  speviosissima Girault. 

Meconium lodged at or close to one end of host ; exuvium from only 
one individual except in rare cases of secondary parasitism; 
sclerites not like those described above  8 

8. Pupal exuvium black or very dark translucent brown ; frontoantennal 
plate (pi. 1, J) subcircular Pleurutropiit mctallicim (Nees). 

Pnpal  exuvium  pale  translucent  straw color ;  frontoantennal  plate 
not   subcircular  !) 

Í». Frontoantennal plate (pi. 1, L) triangular, with a midanterior cleft; 
front legs tpl. 3, /) club-shaped and usually detached from other 
sclerites ; meconium  black   Tctrastichus carinatus Forbes. 

Frontoantennal plate (pi. 1, B) not triangular, but with a pronounced 
emargination along middle axis on both anterior  and posterior 
margins ; front legs usually attached to rest of sclerites (pi. 3, V), 
not club-shaped ; meconium not black. 

Ghciloneurus elegans  (Dalman). 
10. Pupal exuvium black or very dark translucent brown        11 

Pupal exuvium pale straw color        12 
11. Frontoantennal plate   (pi.  1, J)   with lateral edges convex, surface 

glabrous; oculoparietal (pi. 2, /) glabrous; sternum (pi. 2, N) in 
two loosely joined pieces, with the two anterior corners in the 
form of lobelike projections; wing pad (pi. 2, R) closely fused to 
schizonotal plate; scutellum (pi. 3, C) with posterior margin 
angulated; distal portion of front leg (pi. 3, 0) club-shaped, with 
club end sharply attenuated; middle leg (pi. 3, M) with tibial 
spur poorly defined Plcurotropis mctallicus (Nees). 
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Frontoanteiiiial plate (pi. 1, E) with lateral edges concave, part of 
surface setaceous; oculoparietal (pi. 2, O with parietal portion 
setaceous; sternum (pi. 2, M) in one piece, without iirojecting 
lobes; wing pad (pi. 2, Q) loosely attached and often separated 
from schizonotal plate; scutellum (pi. 3, B) with posterior margin 
curved; distal portion of front leg (pi. 3, F) club-shaped, with 
club end bluntly rounded; distal portion of middle log (pi. 
3, L) with tibial spur sharply defined. 

Eupclmus allynii  (French). 
12. Meconium   dark,   with   conspicuous,   large,   cream-colored,   or   white 

l)atclies        13 
Meconium without large, cream-colored, or white patches         14 

13. Frontoaiitennal plate (pi. 1, //) with two short, parallel sutures near 
apex; apical V formation of sutures not present. 

Mcrisus fcbririilosus Girault. 
Frontoantennal plate (pi. 1, /)  with longitudinal middle suture and 

apical  V distinct ; two short, parallel sutures near apex absent. 
Merisus mordcUixtvnnc  Crawford. 

14. Sternum, wing pads, and parts of leg sclerites separate from rest 
of impal  sclerites         15 

Sternum and usually the wing pads united in a mass with abdominal 
sclerites         10 

15. Sternum  (pi. 2, L)  roughly quadrangular; fnmtoantennal plate  (pi. 
1, D) with margins of apical portion sinuous; oculoparietal plate 
(pi. 2, B) glabrous; scutellum (pi. 3, A) with apex acute; front 
leg (pi. 3, E) with hooked portion about one-third the length of 
entire leg sclerite; middle leg (pi. 3, K) with proximal end pestle 
.shaped and tibial spur l<mg EuprhncUa vcniailaris  (Retzius). 

Sternum (pi. 2, 0) with anterior margin forming a galilelike angle on 
median line; oculoparietal plate (pi. 2, ./) with parietal jjortion 
.setaceous; scutellum (pi. 3, I)) with apex obtuse; front leg 
(pi. 3, H) with hooked portion about one-half the length of entire 
leg; middle leg  (pi. 3, X), not pestle shaped, tibial spur short. 

Pneuderimcrus mai/ctiolae Galiau. 
IG. Meconium predominantly black, no loose pellets present ; fronto- 

antennal plate (pi. 1, L) triangvilar, with deep median cleft on 
anterior margin; oculoparietal plate (pi. 2, K) glabrous; front 
legs (pi. 3, 7) detached from other segments and characterized 
by a small, closely attached segment at proximal end. 

Tctrastichus carinntus Forbes. 
Meconium  not predominantly  black ;  frontoantennal  plate  not  like 

the  above ;   front  legs   usually  attached   to   other  sclerites  aiul 
not similar in pattern to the above         17 

17. Abdomen telescoped into a semicircular, obtusely angled mass         IS 
Abdomen not like the above        20 

18. Frontoantennal plate  (pi. 1,  C)   triangular, with no median suture; 
abdomen  (pi. 4, A)  a delicate, crumpled mass with semicircular 
pattern Dilropinotns aureoviridis Crawford. 

Frontoantennal  plate with  a  median  suture  reaching from  middle 
almost to apical extremity         19 

19. Frontoantennal plate  (pi. 1, A)  with margins of apical portion dis- 
tinctly concave, surface very coarsely papillose; abdomen (pi. 3, 
T) in a semicireiilar, obtusely angled mass. 

GalUtula bicolor Spinola. 
Frontoantennal plate  (pi. 1,  F)   with margins of apical portion not 

distinctly   concave,  surface   not  so  coarsely  papillose ;   abdomen 
(pi. 4, X») in a semicircular, obtusely angled mass. 

Enpteromaliis fulvipcK (Forbes). 
20. Abdominal   segments   indistinguishably   crumpled   up  with   thoracic 

segments, wing pads, and most of leg sclerites        21 
Segments of abdomen, wing pads, and usually parts of legs clearly 

di.scernible , .         22 
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21. Frontoantcnnal  plate  (pi.  1,  G)   with a median, coarsely rugulose 
suture running from middle almost to apex; abdomen (pi. 4, F) 
a delicate conglomerate mass Merisus destructor Say. 

Frontonntonnal plate without a median suture running from mid- 
dle to apex; abdomen (pi. 4, E) with wing pads and legs more 
discernible than above Eurytoma  spp. 

22. Body  sclerites   (pi.  .'i,   V)   with  two  legs  projecting   conspicuously, 
sleevelike and open at ends; frontoantennal plate (pi. 1, B) con- 
sisting prini'ii)ally of the antennal bases sharply bent at extremi- 
ties, with a pronounced emargination along middle axis on both 
margins Cheiloneurus etegans Dalman. 

Body sclerites (pi. 4, G) with projecting legs not sleevelike and distal 
ends closed ; frontoantennal plate not like the above. 

Potyscelis modestus Gahan. 

SUPPLEMENTARY KEY BASED ON THE CHALCIDOID LARVAL EXUVIA 

1. Mandibles distinctly curved  2 
Mandibles straight or nearly so  9 

2. Setae long and conspicuous; spiracles cone-shaped  3 
Setae absent or minute; spiracles not cone-shaped  6 

3. Labrum  toothed  4 
Liibrum not toothed  5 

4. Teeth of labrum closely adjacent to one another (pi. 5, E) ; mandibles 
(pi. .5, D)   distinctly curved;  spiracles  (pi. 5, /')  with numerous 
taenidia Eupelmus aUynii  (French), 

Teeth of labrum more widely spaced (pi. 5, C) ; mandibles (pi. 5, 
C) distinctly curved; spiracles (pi. 5, 0) with numerous 
taenidia;  (entire exuvium shown in pi. 5, ß). 

Eupelmella vesicularis (Retzius). 
5. Mandibles (pi. 5, F) each with large denticle on inner margin. 

Eurytoma spp. 
Mandibles (pi. •'), A) without denticles on inner margin. 

Ditropinotus aureoviridis Crawford. 
«. Larval exuvium (pi. 4, H)  about 0.23 mm. or less in length; not fili- 

form ; more than one exuvium present in a host. 
Gentrodora spcciosissima (Girault). 

Larval exuvium at lea.st three times as long as the above; usually 
filiform ; seldom more than one exuvium to the host  7 

7. Mandibles (pi. 5, N) surrounded by encircling band of tissue (entire 
exuvium shown in pi. 5, i[, and a spiracle in pi. 5, R). 

Tetrastichiis rariiiatiis Forbes. 
Mandibles not surrounded by encircling band of tissue  8 

8. Outer edge of mandible (pi. 5, </) entirely convex. 
PU'urotropis metalUciis (Nees). 

Outer edge of mandible (pi. 4, /) partly concave. 
Cheiloncunis rlcyinix (Dalman). 

9. Setae long and conspicuous (pi. 5, L) ; spiracles (pi. 5, Q) with distal 
segment larger in proportion to rest of segments than is the case 
in the other chalcidoids of this key. 

Pseiiierimerus mayctiolac Gahan. 
Setae ab.sent or minute  

10. Some of spiracles with more than 11 taenidia. 
ilcrisns destructor (Say), M. Ictmculosus Girault. 

Spiracles with less than 11 taenidia. 
Callitiila   bicolor   Spinola,   Euptcromalns   fulvipeg    (Forbes), 
Merisus mordcllistenae Crawford, Polyscelus modestus Gahan. 

10 



PLATE I 

A-L, Frontoantennal plates of—A, Callitula bicolor. B, Cheiloneurus elegans^ 
C, Ditropinotus aureoviridis. D, Eupelmella vesicularis. E, Eupelmus allynii. 
F, Eupteromalus fulvipes. G, Merisns destructor. H, Merisus febriculosus. I, 
Merisus mordellistenae. J, Pleurotropis metallicus. K, Pseuderimerus mayetiolae~ 
L, Tetrastichus carinatus. M, Aiiteimal sclerites of Centrodora speciosissima. 
N, Palpi of the mouth parts and supporting segments of Tetrastichus carinatus. 

All greatly enlarged. 
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PUPAL   REMAINS OF  PARASITES OF THE   HESSIAN   FLY. 

i'or explanatory legend see opposite page. 



PLATE 2 

A, Ditropinotus aureoviridis, oculoparietal. 
B, Eupelmella vesicularis, oculoparietal. 
C, Eupelmus allynii, oculoparietal. 
D, Eupteromalus fulvipes, oculoparietal. 
E, Merisus destructor, ocular. 
F, Merisus destructor, parietal. 
G, Merisus febriculosus, ocular. 
H, Merisus febriculosus, parietal. 
/, Pleurotropis metallicus, oculoparietal. 
/, Pseuderimerus mayetiolae, oculoparietal. 
K, Tetrastichus carinatus, oculoparietal. 
L, Eupelmella vesicularis, sternum. 

M, Eupelmus allynii, sternum. 
A^, Pleurotropis metallicus, sternum. 
0, Pseuderimerus mayetiolae, sternum. 
P, Eupelmella vesicularis, wing pad and schizonotal plate. 
Q, Eupelmus allynii, wing pad and schizonotal plate. 
R, Pleurotropis metallicus, wing pad and schizonotal plate. 
»S, Pseuderimerus mayetiolae, wing pad and schizonotal plate. 
T, Tetrastichus carinatus, wing pad and part of scliizonotal plate. 

All greatly enlarged. 
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A, Eupelmella vesicularis, scutellum. 
B, Eupelmus allynii, scutellum. 
C, Pleurnlropis metalUr.ua, soutellum. 
D, Pseuderimerus mnyetiolae, scutellum. 
E, Eupelmella vesicularis, front leg. 
F, Eupelmus allynii, distal portion of front leg. 
G, Pleitroiropis metallicus, distal portion of front leg. 
H, Pseuderimerus mayetiolae, front leg. 
/, Tetrastichus carinahis, front leg. 
J, Ditropinolus aureoviridis, middle leg. 
K, Eupelmella vesicularis, middle leg. 
L, Eupelmus allynii, middle leg. 

M, Pleurotropis metallicus, middle leg. 
A', Pseuderimerus mayeiiolae, middle leg. 
O, Eupelmella vesicularis, pro.ximal portion of hind leg 
P, Eupelmella vesicularis, distal portion of liind leg. 
Q, Eupelmus allynii, ¡(ro.ximal portion of hind leg. 
R, Eupelmus allynii, distal portion of hind leg. 
S, Pseuderimerus mayeiiolae, hind leg. 
T, Callitula bicolor, abdon.inal and other sclerites. 
U, Cenlrodora speciosissima, abdominal sclerites. 
V, Cheiloneurus elegans, abdominal and other sclerites 

All greatly enlarged. 
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PLATE 4 

A, Dilropinotus aurcoviridis, abdominal and other sclerites. 
B, Eupelmella vesicularis, abdominal and other sclerites. 
C, Eupelmus allynii, abdominal and other sclerites. 
D, Eupteromalus fulvipes, abdominal and other sclerites. 
E, Euryloma, abdominal and other sclerites. 
/'', Merisus destructor, abdominal and other sclerites. 
G, Polyscelis modest us, abdominal and other sclerites. 
//, Cenlrcdcra speciosissima, larva. 
I, Cheiloneurus elegans, mandibles of larva. 

.\11 greatly enlarged. 
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A, Ditropinotus aureoviridis, larva. 
B, Eupelmella vesicularis, larva (labrum has been pushed out of place). 
C, Eupelmella vesicularis, labrum and mandibles. 
D, Eupelmus allynii, mandibles. 
E, Eupelmus allynii, labrum. 
F, Eurytoma, larva. 
G, Merisus destructor, larva. 
H, Merisus febriculosus, larva, showing mandibles. 
/, Merisus mordellistenae, larva. 
/, Pleurotropis metallicus, larva. 
K, Polyscelis modestus, mandibles of larva. 
L, Pseuderimerus mayetiolae, larva. 

M, Tetrastichus carinatus, larva. 
iV, Tetrastichus carinatus, mandibles of larva. 
O, Eupelmella vesicularis, spiracles. 
P, Eupelmus allynii, spiracle. 
Q, Pseuderimerus mayetiolae, spiracle. 
R, Tetrastichus carinatus, spiracle. 
iS, Centrodora speciosissima, particles of meoonia. 

All greatly enlarged. 
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LARVAL REMAINS OF PARASITES OF THE HESSIAN FLY. 

For explanatory legend see opposite page. 
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